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© A valve assembly for use in a gas cabinet mani- 
fold and comprising two valves for selectively con- 
trolling flow of a fluid, each of said valves including: 

a valve chamber in which are formed first and 
second inlet ports and an outlet port; and 

closing mechanism disposed within said valve 
chamber for selectively closing said outlet port; 



the valve assembly further comprising a first 
conduit connecting the respective first inlet ports of 
said two valves, a second conduit connecting the 
respective second inlet ports of said two valves, and 
means for introducing said fluid into said first con- 
duit. 
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This invention relates to gas distribution equip- 
ment and methods, and particularly to an apparatus 
and method for supplying process gas used in 
semiconductor manufacturing. 

In the semiconductor manufacturing industry, 
gas cabinets are used to supply high purity pro- 
cess gases used in production. An example of 
such a process gas is silane, which is used at the 
processing location, also known as the tool loca- 
tion, in processes such as sputtering and sputter 
etching. 

US Patent Specifications No. 4,989,160, and 
No. 5,220,517 (whose disclosures are incorporated 
herein by reference) disclose automated gas cabi- 
nets used for supplying process gas in semicon- 
ductor manufacturing operations. As noted therein, 
many process gases used in semiconductor manu- 
facturing are highly toxic, so that safe control of the 
gases is imperative. At the same time, the delicate 
nature of semiconductor manufacturing requires 
that the process gases be delivered to the tool 
location with an absolute minimum of contaminants. 

In order to permit process gas cylinder 
changes or other manual activities required in op- 
eration of a gas cabinet, purge operations like 
those disclosed in the above referenced patent are 
carried out in order to prevent exposure of the 
operator to the toxic process gas. Purge operations 
are also intended to flush contaminants out of the 
system of gas carrying conduits, known as a mani- 
fold, which is associated with the gas cabinet. As 
the field of semiconductor manufacture has ad- 
vanced, the desired density of components in the 
resulting product has increased and the tolerance 
for contaminants has decreased. This has led de- 
signers of gas cabinet and their associated man- 
ifolds to seek to eliminate "dead-legs" in the man- 
ifolds, since dead-legs are considered to be sour- 
ces of contaminants. As is known to those skilled in 
the art, a "dead-leg" is a section of conduit through 
which gas does not flow, ie, the equivalent of a cul- 
de-sac or dead end road. 

Attempts have been made in the past to pro- 
vide a gas cabinet manifold that is free of dead- 
legs, but those attempts have not been entirely 
successful. To illustrate this point, reference will be 
made to Figures 1 and 2, which show prior art 
arrangements of gas cabinet manifolds. 

In Figure 1, reference numeral 10 generally 
indicates a gas cabinet manifold in accordance with 
the prior art. The manifold 10 includes a process 
gas cylinder 12 with an associated cylinder valve 
14, a high pressure isolation (HPI) valve 16, a high 
pressure purge (HPP) valve 18 and a high pressure 
vent (HPV) valve 20. Manifold 10 also includes a 
pressure regulator 22, a low pressure isolation (LPI) 
valve 24 and a low pressure vent (LPV) valve 26. 



The manifold 10 further includes a junction 
point 28 which is connected to the cylinder valve 
14 by a conduit section 30. Conduit sections 32, 34 
and 36 respectively connect the junction point 28 
5 with HPI valve 16, HPP valve 18, and HPV valve 
20. When manifold 10 is being operated to supply 
process gas to a tool location, the process gas 
flows from cylinder 12 through valve 14, conduit 
section 30, junction point 28, conduit section 32, 
10 HPI valve 16, pressure regulator 22 and LPI valve 
24 on its way to the tool location (not shown). It will 
be noted that during such an operation, process 
gas does not flow through conduit sections 34 and 
36, so that those sections constitute dead-legs dur- 
15 ing process gas supply operations. Moreover, dur- 
ing a purge-to-change-process-gas-cylinder opera- 
tion, HPI valve 16 is closed and HPV valve 20 and 
HPP valve 18 are alternately opened and closed to 
place conduit sections 30 alternately in commu- 
20 nication with a vacuum venturi and with a source of 
purge gas. However, during such purge operations 
conduit section 32 does not have gas flowing there- 
through, and so constitutes a dead-leg during 
purge operations. 
25 Referring now to Figure 2, reference numeral 

10' indicates another prior art manifold provided in 
an attempt to eliminate dead-legs during delivery of 
process gas. Elements of manifold 10* which cor- 
respond to elements of Figure 1 have been given 
30 the same reference numerals. In the manifold 10' 
shown in Figure 2, it will be noted that HPP valve 
18', HPV valve 20' and LPV valve 26' are all shown 
as "3-port" valves which have a selectively closa- 
ble port and two other ports which are always in 
35 fluid communication with each other, regardless of 
whether the closable port is open or closed. Ac- 
cordingly, during delivery of process gas, the gas 
flows from cylinder 12 via cylinder valve 14, HPP 
valve 18\ HPV valve 20\ HPI valve 16, pressure 
40 regulator 22, LPV valve 26' and LPI valve 24 on its 
way to the tool location. This flow path has no 
dead-leg associated with its, so that during process 
gas delivery operations, manifold 10' is dead-leg 
free. However, during purge operations, in which 
45 HPI valve 16 is closed and HPP valve 18* and HPV 
valve 20' are alternately opened and closed, a 
conduit section 38 between HPI valve 16 and HPV 
valve 20' experiences no flow of gas therethrough, 
and so constitutes a dead-leg during purge oper- 
50 ations. As a results, contaminants may remain in 
conduit section 38 on the completion of a purge 
operation, leading to the possibility of contamina- 
tion of the semiconductors subsequently manufac- 
tured at the tool location. Therefore, the dead legs 
55 also have not been eliminated from the Figure 2 
system. 

Accordingly, the invention is concerned with 
the provision of a process gas distribution system 
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and method in which the level of contaminants in 
the gas is minimized. To this end, it is an object to 
provide a gas distribution manifold that is substan- 
tially free of dead-legs during both purge and pro- 
cess gas delivery operations. 

The invention is also concerned with the provi- 
sion of a valve assembly for use in a process gad 
distribution manifold in which dead-legs are to be 
substantially eliminated. 

The invention generally is able to provide the 
foregoing at a reasonable cost and to provide a 
method for venting high pressure process gas from 
a gas cabinet manifold with a high degree of safety 
for operating personnel. 

In accordance with the present invention, the 
foregoing objects are met by the provision of a 
valve assembly in accordance with Claim 1, in 
particular one which includes two valves for selec- 
tively controlling flow of fluid, with each of the 
valves including a valve chamber in which are 
formed first and second inlet ports and an outlet 
port and a closing mechanism disposed within the 
valve chamber for selectively closing the outlet 
port, with the valve assembly also including a first 
conduit connecting the respective first inlet ports of 
the two valves, a second conduit connecting the 
respective second, inlet ports of the two valves, and 
structure for introducing the fluid into the first con- 
duit. Such a valve assembly facilitates construction 
of a gas cabinet manifold without dead-legs. 

In accordance with another feature of the in- 
vention, a pair of valves is provided in a manifold 
for supplying process gas to a tool location, with 
the manifold including a pressure regulator con- 
nected between a high pressure area and a regu- 
lated pressure area, and each of the valves includ- 
ing first and second inlet ports and a selectively 
closable outlet port, the outlet port of one of the 
valves being connected for fluid communication 
with a high pressure side of the pressure regulator, 
the outlet port of the other of the valves being 
selectively connectable for fluid communication 
with at least one of a source of purge gas and a 
source of vacuum, the first inlet ports of the valves 
being connected in common for fluid communica- 
tion with a source of process gas, and the second 
inlet ports of the valves being interconnected for 
fluid communication therebetween. With this ar- 
rangement of valves within a manifold, gases are 
free to flow through the valve chambers of each of 
the valves even when the valves are closed, so that 
neither valve becomes a dead end which forms a 
dead-let in the manifold. 

According to a further feature of the invention, 
the manifold also includes a second and a third 
pair of valves with each of the valves of the second 
and third pairs including first and second inlet ports 
and a selectively closable outlet port; the outlet 



port of one of the second pair of valves being 
connected for fluid communication with the source 
of vacuum, the outlet port of the other of the 
second pair of valves being connected to a source 

5 of purge gas, the first inlet ports of the second pair 
of valves being connected in common for fluid 
communication with the outlet port of the other of 
the first pair of valves, the second inlet ports of the 
second pair of valves being interconnected for fluid 

w communication therebetween, the outlet port of one 
of the third pair of valves being connected for fluid 
communication with the tool location, the outlet port 
of the other of the third pair of valves being con- 
nected for fluid communication with the source of 

75 vacuum, the first inlet ports of the third pair of 
valves being connected in common for fluid com- 
munication with the pressure regulator, and the 
second inlet ports of the third pair of valves being 
interconnected for fluid communication there- 

20 between. In this way, all of the valves required for a 
dead-leg-free gas cabinet manifold are provided in 
the form of three valve assemblies, with all of the 
valves permitting flow-through of gas so that dead- 
legs are avoided. 

25 According to yet another feature of the inven- 

tion, a pair of valves is provided in a manifold for 
supplying process gas to a tool location, with the 
manifold including a regulated pressure area and 
the valves each including first and second inlet 

30 ports and a selectively closable outlet port, the 
outlet port of one of the valves being connected for 
fluid communication with the tool location, the out- 
let port of the other of the valves being connected 
for fluid communication with a source of vacuum, 

as the first inlet ports of the valves being connected in 
common for fluid communication with the regulated 
pressure area, and the second inlet ports of the 
valves being interconnected for fluid communica- 
tion therebetween. As before, each of the valves 

40 permits flow-through of gases even when the 
valves are closed, so that dead-legs are avoided. 

According to still another feature of the inven- 
tion, a pair of valves is provided in a manifold for 
supplying process gas to a tool location, with the 

45 manifold including a high pressure area and the 
valves each including first and second inlet ports 
and a selectively closable outlet port, the outlet 
ports of one of the valves being connected for fluid 
communication with a source of vacuum, the outlet 

so port of the other of the valves being connected for 
fluid communication with a source of purge gas, 
the first inlet ports of the valves being connected in 
common and being selectively connectable for fluid 
communication with the high pressure area, and 

55 the second inlet ports of the valves being intercon- 
nected for fluid communication therebetween. 
Again, the valves permit flow-through of gas even 
when closed, so that dead-legs are avoided. 
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According to another feature of the invention, in 
a gas cabinet manifold which includes a pressure 
regulator connected between a high pressure area 
and a regulated pressure area, a process gas sup- 
ply line connected to the high pressure area and a 
valve located in the high pressure area for selec- 
tively isolating the pressure regulator from the pro- 
cess gas conduit, a method of purging the process 
gas supply line includes the steps of closing the 
valve and flowing a purge gas through a valve 
chamber of the closed valve to the process gas 
conduit. In this way, a process gas supply line 
purge operation is performed without dead-legs in 
the gas cabinet manifold. 

According to another feature of the invention, in 
a gas cabinet manifold which includes a high pres- 
sure area, a regulated pressure area and a pres- 
sure regulator connected between the high pres- 
sure area and the regulated pressure area, a meth- 
od of purging the manifold includes the step of 
venting process gas from the high pressure area 
by way of the pressure regulator and the regulated 
pressure area. As a result, purging of process gas 
from the high pressure area is made safer since 
high pressure process gas is not directly vented 
into the atmosphere. 

According to another aspect of this method, the 
gas cabinet manifold has a vent valve for selec- 
tively connecting the regulated pressure area to a 
source of vacuum and an isolation valve for selec- 
tively connecting the regulated area to a tool loca- 
tion and the method includes the additional steps 
of closing the isolation valve and opening the vent 
valve, with the step of venting process gas includ- 
ing flowing the process gas through a valve cham- 
ber of the closed isolation valve to the source of 
vacuum. In this way, a dead-leg terminating at the 
low pressure isolation valve is eliminated. 

According to another feature of the invention, in 
a gas cabinet manifold which includes a conduit for 
providing process gas to a tool location, an isola- 
tion valve for selectively connecting the conduit to 
the tool location and a vent valve for selectively 
connecting the conduit to a source of vacuum, a 
method of purging the conduit includes the steps 
of closing the isolation valve, opening the vent 
valve, and flowing gas from the conduit to the 
source of vacuum via a valve chamber of the 
closed isolation valve. As before, such a method 
eliminates a dead-leg terminating at the isolation 
valve. 

In accordance with yet -another aspect of the 
invention, a pair of valves is provided in a purge 
gas manifold for use in association with a gas 
cabinet manifold, and each of the valves includes 
first and second inlet ports and a selectively closa- 
ble outlet port, the outlet port of one of the valves 
being connected for fluid communication with the 



gas cabinet manifold, the outlet port of the other 
valve being connected for fluid communication with 
an exhaust vent, the first inlet ports of the valves 
being connected in common for fluid communica- 

5 tion with a source of purge gas, and the second 
inlet ports being interconnected for fluid commu- 
nication therebetween. This arrangement eliminates 
dead-legs in the purge gas manifold. 

Reference will now be made, by way of exem- 

w plification only, to the accompanying drawings in 
which: 

Figures 1 and 2 are schematic illustrations of 
gas cabinet manifolds in accordance with the 
prior art; 

75 Figure 3 is a schematic illustration of a gas 
cabinet manifold according to the present inven- 
tion; 

Figures 4A-4C are partially schematic cross- 
sectional views of a dual valve assembly used in 
20 the manifold of Figure 3; 

Figure 5 is a view looking into the valve cham- 
ber of a valve included in the valve assembly of 
Figures 4A-4C; 

Figure 6 is a schematic illustration of a purge 
25 gas manifold used in association with the gas 
cabinet manifold of Figure 3; 
Figure 7 is a front elevation view of a manually 
actuated dual valve assembly used in the purge 
gas manifold of Figure 6; and 
30 Figures 8A-8D are additional views of the valve 
assembly of Figure 7. 
With reference to the drawings, Figure 3 sche- 
matically illustrates a gas cabinet manifold 100 
according to the present invention. Elements of 
35 manifold 100 that correspond to elements of prior 
art manifold 10 have been given the same refer- 
ence numerals. 

Manifold 100 includes three dual valve assem- 
bly blocks 102, 104 and 106. Although the overall 
40 arrangement of manifold 100 differs from the ar- 
rangements of prior art manifolds, except for the 
valve assembly blocks 102, 104 and 106, all of the 
components of manifold 100 are preferably of con- 
ventional types and so will not be described in 
45 detail. 

Except for a cylinder valve 14, all of the valves 
required for manifold 100 and included in the valve 
blocks 102, 104 and 106. Valve blocks 102, 104 
and 106 are preferably identical, so that the follow- 
so ing description of valve block 102 should be under- 
stood to apply also to valve blocks 104 and 106. 

Referring now to Figure 4A, valve block 102 
includes a substantial valve block body 200 in 
which valves 202 and 204 are formed. Each of the 
55 valves 202 and 204 has a valve chamber 206. Each 
of the valve chambers 206 has a first inlet port 208 
and a second inlet port 210. The valve chamber 
206 of valve 204 has an outlet port 214. A conduit 
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216 connects outlet port 212 of valve 202 to a first 
port 218 of valve block 102. A conduit 220 con- 
nects outlet 214 to a second port 222 of valve 
block 102. A conduit 224 interconnects the respec- 
tive first inlet ports 208 of valves 202 and 204, and 
a conduit 226* interconnects the respective second 
mlet ports 210 of the valves 202 and 204 In 
addition, conduit 224 is connected via a conduit 
228 to a third port 230 of valve block 102 Each of 
the conduits 216, 220, 224, 226 and 228, like valve 
chambers 206 and inlet ports 208, 210 and outlet 
ports 212 and 214, is formed in valve block body 
200, by machining, for example. 

Disposed within each of the valve chambers 
206 is a diaphragm 232 which is provided for 
selectively opening or closing outlet port 212 or 
214, as the case may be. In Figure 4A each of the 
draphragms 232 is shown in its closed position with 
its open position being represented by a dashed 
curve 232'. The two-headed arrows 234 represent 
conventional mechanisms, preferably pneumatic 
for controlling the position of diaphragms 232 The 
mechanisms 234 are used for moving the dia- 
phragm 232 between their open and closed posi- 
tions. 

As best seen in Figure 5, the outlet 212 of 
valve 202, like the outlet 214 of valve 204, is 
located within a valve seat 236. Diaphragm 232 and 
valve seat 236 are fitted and dimensioned so that a 
seal is formed therebetween when diaphragm 232 
is in its closed position. Diaphragms 232 are made 
of conventional material such as nickel alloy known 
as "Elgdoy" (produced by Elgiloy Corp.), while the 
seat 236 is also formed of a conventional materials 
such as the elastomers known as "KEL-F-81 " (from 
3M) or "Vesper (from DuPont). It should be under- 
stood that the valve block body 200 is also of a 
conventional material such as 31 6L VAR or 31 6L 
VIM VAR stainless steel, or nickel, or an alloy 
known as "Hastalloy C22" (from Haynes Corp.) 

Alternatively valve seat 236, instead of being 
formed of elastomer, may be integrally formed in 
valve block body 200. Also, the diaphragms 232 
may be of one of the materials from which block 
body 200 may be formed. 

Valve chamber 206 is formed such that even 
when a diaphragm 232 is in its closed position so 
that the corresponding outlet port 212 or 214 is 
closed, nevertheless the corresponding inlet ports 
208 and 210 are still in fluid communication with 
each other through valve chamber 206 around the 
base of valve seat 236. Accordingly, regardless of 
the open or closed state of valves 202 or 204 
valve block 102 has a constantly open loop of flow 
path formed by the conduits 226 and 224, which 
are connected through the valve chambers 206 and 
the inlet ports 208 and 210. 



It should also be noted that the valves 202 and 
204 are arranged in valve block 102 in a mutually 
opposed orientation. This arrangement allows valve 
block 102 to be relatively small in size and permits 
5 an overall space efficient design for gas cabinet 
manifold 100. Provision of two valves in a single 
assembly also minimizes the cost of installing 
valves in the manifold 100. 

Gas cabinet manifold 100 will now be de- 
io scribed in more detail. Referring again to Figure 3, 
it will be seen that process gas cylinder 12 is 
connected to the port 230 of valve block 102 by 
way of cylinder valve 14, a filter 150, and a pres- 
sure transducer 152. The two valves 202 and 204 
is of valve block 102 function respectively as a high 
pressure block (HPS) valve and a high pressure 
isolation (HPI) valve. 

The port 222 of valve block 102 is connected 
to pressure regulator 22. As is well known to those 
20 skilled in the art, pressure regulator 22 serves to 
reduce the pressure of gas flowing from the pro- 
cess gas cylinder 12 toward the tool location. Pres- 
sure regulator 22 is connected by way of a pres- 
sure transducer 154 to a port 230 of valve block 
25 106. The two valves of valve block 106 respectively 
function as a low pressure isolation (LPI) valve and 
a low pressure vent (LPV) valve and are given the 
respective reference numerals 124 and 126. The 
selectively closable outlet port (corresponding to 
30 outlet port 212, Figure 4A) of LPI valve 124 is 
connected to a tool location (not shown) via a port 
218 of valve block 106 and a filter 156. The selec- 
tively closable outlet port of LPV valve 126 (cor- 
responding to outlet port 214, Figure 4A) is con- 
35 nected via a port 222 of valve block 106 to a 
conventional source of vacuum such as a venturi 
(not shown), which, as is well known to those 
skilled in the art, is provided for applying a vacuum 
to selected portions of manifold 100 during purge 
40 operations. Because of the reduction in pressure 
provided by pressure regulator 22, the portion of 
manifold 100 shown to the right of pressure regula- 
tor 22 in Figure 3 and between HPB valve 202 and 
process gas cylinder 12 can be considered a high 
45 pressure area 158 of manifold 100. It can also be 
said that the outlet port 212 of HPI valve 204 is 
connected to the high pressure side of regulator 
22. Moreover, the area shown to the left of regula- 
tor 22 in Figure 3 and between LPI valve 124 and 
so LPV valve 126 can be considered a regulated pres- 
sure area 160 of manifold 100 and the first inlet 
ports 208 of LPI valve 124 and LPV valve 126 can 
be said to be connected (via port 230 of valve 
block 106) to the regulated pressure side of requla- 
55 tor 22. 

The port 218 of valve block 102 is connected 
by way of a pressure transducer 162 to a port 230 
of valve block 104. The two valves of valve block 
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104 respectively perform the functions of a high 
pressure vent (HPV) valve and a high pressure 
purge (HPP) valve and are given the respective 
reference numerals 120 and 118. The outlet port of 
HPP valve 118 is connected via port 222 of valve 
block 104 to a Source of purge gas (not shown in 
Figure 3), and the outlet port of HPV valve 120 is 
connected to the venturi via port 218 of valve block 
104. 

From the foregoing it will be understood that 
the function of HPV valve 120 is to selectively 
apply vacuum to the high pressure area 158, the 
function of HPP valve 118 is to selectively apply 
purge gas to high pressure area 158, the function 
of HPB valve 202 is to selectively isolate the high 
pressure area 158 from valve block 104, the func- 
tion of HPI valve 204 is to selectively isolate the 
process gas supply, including process gas cylinder 
12, from pressure regulator 22 (and hence also 
from regulated pressure area 160 and from the tool 
location), the function of LPV valve 126 is to selec- 
tively apply vacuum to the regulated pressure area 
160, and the function of LPI valve 124 is to selec- 
tively isolate regulated pressure area 160 (and 
hence substantially all of manifold 160) from the 
tool location. 

Pressure transducers 152, 154 and 162 and 
filters 150 and 156 are all preferably conventional 
components for a gas cabinet manifold. The pres- 
sure transducers are preferably of the type formed 
of strain gauges attached to the outside of conduits 
so that no dead-legs or other sources of contami- 
nation or restrictions to gas flow are present. Pref- 
erably filter 150 is a gasket type for coarse filtration 
and filter 156 is for fine filtration. 

Operation of gas cabinet manifold 100 for de- 
livery of process gas to the tool location will be 
described with reference to Figures 3 and B. When 
process gas is being delivered to the tool location, 
valves 202 (HPB), 120 (HPV), 118 (HPP) and 126 
(LPV) are all closed, while the cylinder valve 14 
and valves 204 (HPI) and 124 (LPI) are open. 
Accordingly, process gas flows from process gas 
cylinder 12 through cylinder valve 14, filter 150, 
pressure transducer 152, valve chambers 206 of 
HPB valve 202 and HPI valve 204, outlet port 214 
of HPI valve 204 port 222 of valve block 102, 
pressure regulator 22, pressure transducer 154, 
port 230 of valve block 106, valve chambers 206 of 
LPV valve 126 and LPI valve 124, the outlet port of 
LPI valve 124, port 218 of valve block 106, and 
filter 156 on its way to the tool location. It will be 
observed that there are no dead-legs in or along 
the flow path of the process gas. 

Flow of process gas through valve block 102 
will now be described in more detail with reference 
to Figure B. 



It will be noted that during process gas delivery 
operations, the diaphragm 232 of valve 204 is in its 
open position and the diaphragm 232 of valve 202 
is in its closed position, The process gas flow is 

5 represented by the arrows A in Figure B, which 
show the process gas entering conduit 228 through 
port 230 and then travelling by two paths on its 
way to outlet port 214 of valve 204. In particular, 
the first and more direct path is from conduit 228 

10 downward (as shown in Figure B) through conduit 
224, entering valve chamber 206 of valve 204 
through the inlet port 208 of valve 204 and then 
exiting through outlet port 214 of valve 204. The 
second and less direct path is shown as proceed- 

rs ing from conduit 228 in an upward direction (as 
shown in Figure B) through conduit 224 so that the 
process gas enters the lower portion of valve 
chamber 206 of valve 202 (i.e. the portion below 
diaphragm 232 of valve 202) via inlet port 208 of 

20 valve 202. The second flow path continues through 
valve chamber 206 of valve 202 from its inlet port 
208 to its inlet port 210 and then downwardly as 
shown in Figure B through conduit 226 so that the 
second flow path enters the valve chamber 206 of 

25 valve 204 through the inlet port 210 of valve 204. 
The two flow paths join together in existing valve 
204 via its outlet port 214 and continue on through 
conduit 220 to port 222. Due to the loop formed by 
valve chambers 206, inlet ports 208 and 210, and 

30 conduits 226 and 224, there are no dead-tegs with- 
in valve block 102. 

The flow of process gas through valve block 
106 is essentially the same as in valve block 102, 
with LPI valve 124 being open and corresponding 

35 to HPI valve 204, and LPV valve 126 being closed 
and corresponding to HPB valve 202. Accordingly, 
valve block 106 is also free of dead-legs during 
process gas delivery. 

There will next be described operation of the 

40 gas cabinet manifold 100 for the purpose of chang- 
ing the process gas cylinder 12, as is required, for 
example, when the process gas stored in cylinder 
12 has been exhausted. The procedure for chang- 
ing cylinder 12 can be divided into four stages: (1) 

45 pre-purge. during which the toxic process gas is 
removed from high pressure area 158 to ensure 
that the operator is not exposed to process gas; (2) 
cylinder change; (3) post-purge, for removing from 
manifold 100 contaminants that may have been 

so introduced during the cylinder change; and (4) re- 
fit), for refilling the manifold 100 will pure process 
gas. 

1 . Pre-Purge 

55 

The pre-purge stage is divided into two por- 
tions: a valve test and the purging itself. 
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The first steps of the valve test include closing 
cy.inder vat U and LP. valve 12. The ve t is 
then activated so that a vacuum w.ll be applied to 
^ pSs of the manifold 100 which are . p aced ,n 
fluM communication with the ventun. Next HPV 
valve 120 is opened and pressure transducer 162 
stonifo'ed .confirm that a «-^«™ 
,,m is oresent at pressure transducer 162. The next 
step cons sVo, closing HPV valve 120 and open- 
fnq LPV va,ve 126 so that the so that the vacuum s 
aDD ned to high pressure area 158 through pressure 
Su£or22 This ensures that high pressure pro- 
cess gas is not released directly into the atmo- 
sphere Instead, the process gas is vented from the 
Sh pressure area 158 through 
oo and reaulated pressure area 160. It will De 
understood tha the process gas flows through the 
chambers of both closed LP. valve M 24 -nd 
open LPV valve 126 before exiting from valve block 

"nr^rg 0 ^ *~* ^ ™ % 

HP1 valve 204 and then opening HPV valve 120 
^ hpr valve 202. This causes vacuum to be 
r P P.ie H d P fhr:u b HPV va.ve 120 and HPS 202 
to the conduit 164 which connects process , gas 
cylinder 12 to manifold 100 (this condu.t 164 w.l 
C S ometTmes be referred to as the W After 
evacuation of the pigtail 164. the HPV valve i«du 
and HPB valve 202 are Cosed and pressure trans- 
ducer 152 is monitored for a predetermined period 
TZe l ensure that cylinder va.ve 14. believec to 
be dosed, is not .eaking. If no leak is found, then 
Z Ze test portion of the P«^W ^ 
operation is complete and the pre-purg.ng itself 

be9 The pre-purging commences with the opening 
of hpb v"ve P 20 9 2.This valve is 
out the pre-purging cycles. Next. 
118 is opened to admit purge gas at approximately 
00 ps into the high pressure area 158 and , a. 
64 More specifically, the purge gas enters valve 
btck 104 trough its port 222 and flows , trough 
the valve chambers 206 of both valves 120 (HPV) 
and 1 8 (HPP) and flows out of valve block 104 
through i s port 230. The purge gas cont-nues 
nlougn pressure transducer 162 and , enters valve 
block 102 through its port 218. ™° <^ f '°"J 
through the valve chambers 206 of both o1 ^ valves 
202 ?HPB) and 204 (HP.), and enters p.gta.1 164 
through port 230 of valve block 102. 2 
The flow of purge gas through valve block 102 
wil , ^JescribeS in more det*. with 
Figure 4C. During the purging, valve 202 s open 
fi e te diaphragm 232 is in the open position) and 
valve 204 is closed. As before, the flow path is 
presented by arrows A. As noted above the 
purge gas enters valve block 102 through port 21 a 
The purge gas then proceeds v,a conduit 216 to 



valve chamber 206 of valve 202. The gas flow then 
Ses among two paths. One P-££-^ 
the valve chamber 206 of valve 202 via inlet port 
210 and conduit 226 to valve chamber 206 of valve 
oru The purge gas flows around the closed d.a- 

* n 9 l in conduit 224 and men ,o conduu 

228 r«t°l°'p^ S has baen appiied -or a 
„ pj^lnrf'prf* o. », HPP **» ™ « 

m HPV valve 120 is opened to appiy 

£2n ShigTpVssure area 1568 and pigtaH 16. 
The flow paths of gas through valve block 102 
during evacuation of high pressure area 58 and 
• «H 1R4 are in reverse directions to the flow 
20 pigtail 164 are n rw pre deter- 
paths shown in Figure ^At the end o p^ ^ 

purge gas^ at high pressure (100 psi for example). 
25 As will be appreciated by those skilled in the art 
The aoolications of high pressure purge gas and 
lacuum are alternately applied for a predetermined 

™£m thT^ description of the low paths in 
, I wock 102 it will be understood that there are 
30 re deaSegs n valve block 102 during either the 
Vnt at evacuation phases of the purge cycle. 
The same can be said of valve block 104. since the 
^ paThs therein during application of purge gas 
35 correspond exactly to the flow paths in , valv block 
102 with HPV valve 120 corresponding to HPI 
awe 204 and HPP valve 118 corresponding to 

HPB valve 202. During *^ 0 %***ZZ 
drawn out through HPV valve 120. with HPP v.We 
40 118 closed, so that during this cycle valve 
20 should be thought of as corresponding to HPB 
120 snoua corresponding to 

S valve 2 S4."n both cases, however, valve block 
pigtail 164 will not constitute a purge dead-leg. 



p Cylinder Change 



50 



Upon completion of the pre-purge cycles^ 

purged is applied ^^^Z 
va ,ve 118 and HPB valve , 202£ *e 
chambers 206 of closed HPV v^ve _ 
S5 HPI valve 204). Then be flusned by 
nected. allowing the pigtail 184 Jo 
the low pressure purge »9»«- « ™ [ ™J* en . After 
that this eliminates pigtail 164 as a ae* y 
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a predetermined period of time for flushing pigtail 
the'p^sT 635 12 iS * 

3. Post-Purge 

5 

with?. C t y "' nder Ch3nge process then continues 
into l P ° St - pur 9 9 of the °Peration, which is dS d 
into two portions: a connection test and the post 
Purging itself. e post 

pressure" (inn '" n the connecti °n test, high '° 

pressure (100 ps.) purge gas is applied through 
HPP valve 118 and HPB valve ?n? t n «. 0U9n 
164 ThP hpr , 02 to tne P'gtail 

transducer 152 T* '■ C '° Sed 3nd pressure 
transducer 152 ,s mon,tored to determine whether „ 

a pressure drop is experienced in pigtail 164 sT 

2 S h a a n s ^ Pr ° CeSS Q - cylinde; 

check it ° s »T Pr ° Per ' y conne ^d. As a backup 
mot ^ w Preferab,e to «*» a helium sensor 

"J * ciosed^H^ ^ and £ £ 

HPB valve^ ^O^is^ctose^ a'nd** 16 ^ ^ 25 
- again is monSoT Ilne^ 
vacuum , s retained in the pigtail 164. Again if not 
't -s an indication that the process gas cylinder 12 
was not properly connected * 2 

Assuming that no problem is detected in anv nf *° 
^ connection tests, then the post pu^ng "the 
high pressure area begins. Accordingly.^ va ve 
202 ,s opened and remains open KWowZTZ 
post-purging cycles Tho ^* ■ mrouQnout the 
the same form as 2 P ° St - pur 9' n 9 cvc| e* take 35 

Hr„r^? s " 

4. Refill 



45 



pressure regulator 22 Tn to ,nf' ? e " thr0U9h 
area I6n nf m = , ,Z e re 9 ula ted pressure 



through regulated pressure area 160, the p ocess 
gas vented flows through the valve chamber 206 0 
c osed LPI valve 124 as well as valve chamber 206 
of open LPV valve 126. After the purge ^as 2 
and aiternating vacuum cycle is performed a pre 
determined number of times, the manifold is aaafn 
f led with process gas, with LPV valve 126 JST 

t e too', ? o nd r C K eSS 933 C3n then be 
the tool location by opening LPI valve 124 

th* tlT" b ! appreciated f rom the disclosure of 
the above referenced Patent No. 4,989.160 the 

gas r:; d , e 0 C D ribe t d ^ P0St ' PUrQe and p s 
11 k ° perat,ons ' as we " ^ at least some of the 

performe e d C ^ a ° Perati ° nS ' ^ be -toma^ y 

or aJ Tf L ' 3n 3Ut0matiC 938 Cabinet ' wit " some 
or all of the purge cycle parameters and pressure 
set points being subject to user programming * 

FiaJTsfi r To ^ deSCribed ' with refer ence to 
Figures 6. 7 and 8A-8D, a purge gas manifold 30° 
which may be installed in association with the oas 
cabinet manifold 1 00 of Figure 3 9 
From Figure 6, it wi || be seen that purge oas 

Z' °cted to r SiStS * 9 ^ K "° 

S 302 i PU K 9S 935 Cy ' inder 312 ' The ^Ive 
block 302 is, m schematic terms, equivalent to the 
va ve block 102 shown in Figure 4A but preferablv 
va.ve b.ock 302 has its two va.ves 202' and S' n 

and 8B> S U ?K i0n . ^ f0r examp,e - F '9"res 7 
Rgurf 4A ^ ™ ° PP ° Sed orient ation as in 

Further, the diaphragm positioning mechanism 
of va.ve block 302 is preferab.y manuaMy actuated 
rather than pneumatic, and so inc.udes h^SS 
334 (figure 7). The additional safety feature C f 
pneumat.ca.ly operated valves is not requ re" in 
Purge gas manifo.d 300 since on.y inert, non toxic 
9as is present therein. The »v» configuration 
of the valves ,s provided in block 302 in order to 
the°n e T! C ° nVenient 3CCess t0 t^ handtos 334 

o^r e s bepresentinan ^^^ 

The portions of the valves 202' and 204 1 cor- 
responding to those of valves 202 and 204 shown 
j i Figure 4A. can be readily seen from Figures 8A- 
8D, wh,ch need not be described in detaif Ele- 
ments of valve block 302 which correspond to 
those of block 102 have been given the same 
reference numera.s. ,t wi., be understood that F? g 
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ura 8A is a plan view showing the valve chambers 
206 of the valves 202' and 204', Figure 8B ,s a 
optional view of vaive block 302 : taken at 
,ine B-B of Figure 8A, Figure 8C is a cross sec 
ional view of valve block 302 taken at line C-C of 
e 8A and Figure 8D is a cross-secfiona. view 
o 9 vaL block 302 9 taken at line D-D of Figure 8CL 
Rgure 8B shows the conduit 226 which connects 
SS respective second inlet ports 21 G I of valve 
chambers 206'; Figure 8C ^ <^«* ™ £j 
220 which respectively connect t he setecfiv ay 
Cosable outlet ports 212 and 214 w,th ports 218 
and 222; and Figure 8D shows the condu.t 224 
which connects the respective first mlet ports 208 

W,th ACoug 3 h'it would be possible to use manuaHy 
actuated va,ve blocks like block 302 : t .place £ the 
pneumatically actuated valve blocks 102 104 ■ «* 
106 shown in manifold 100 (F,gure 3), th, ms not 
□referred since the safety and conven.ence pro- 
v did by automatic operation through 
control, as well as automatic shut-down .n case of a 
malfunction, are desired for gas cabinet manifold 

100 operation of purge gas manifold 300^ and I fur - 
the r details thereof, will now be briefly descnbed 
with reference to Figure 6. Purge gas ,cy Jnde ^31 2 
I connected to port 230 of valve block 302 v a 
evader valve 314 and a pigtail 315. a filter 316 
a V nd a pressure transducer 318. Port 222 o vaWe 
block 302 is connected to the port 222 of vaive 
b ock 104 (Figure 3) by way of a pressure regulator 
320. a pressure transducer 322 and a filter 324 
(Fiqure 6). Accordingly, the outlet of the valve 204 
irSnnected to the outlet of HPP valve ,118^ 
3). Referring again to Figure 6, port 218 of valve 
block 302 (and hence also outlet 212 of valve 202 ) 
is connected to an exhaust vent (not *«™>- 

When purge gas is to be supphed to the gas 
cabinet manifold 100. valve 202' of valve block 302 
is closed and cylinder valve 314 and valve 204 of 
valve 302 are opened. This allows purge flM ^ 
„ow from cylinder 312 through cyl.nder block 302 
and pressure transducer 320 to port 222 of cyl.nder 
block 104 (Figure 3) and HPP valve 118 

More specifically, the purge gas flows from 
pigtail 315 into valve block 302 v,a .ts port .230 and 
5£n flows through both valve chambers 206 of he 
closed valve 202' and the open valve 204 ex.tng 
,rom valve block 302 via «^ 2 "°l ^ 
204'. as well as conduit 220 and port 222 of vaWe 
block 302. Accordingly, it wil, »"»«™£Z£ 
are no dead-legs in the valve block 302 dunng 
delivery of purge gas to gas cab.net ™nrfold 100 _ 
When it is desired to change purge gas cyl 
inder 312 there is no requirement for a pre-purge. 

since to 'purge 9» is " ot toxiC ' Accordin9,y ;. 
204 is simply cfosed and the purge gas cylinders 



312 exchanged. A post-purge or flushing of the 
manifold 300 to remove contam.nants can be ac 
compn hed by opening valve and cyUnder 
valve 314 so that purge gas flows through both o 
Taw: chambers 206' on its way out tc > the , «c au 
v^nt via Dort 218. It will be recogmzed that there 
a" no dead-legs in purge gas manifold 300 dunng 
the flushing operation. 

Claims 



! A valve assembly comprising two valves for 
selectively controlling flow of a fluid, each of 
<;aid valves including: 

a valve chamber in which are formed first and 
second inlet ports and an outlet port; and 
cSng mechanism disposed within said vdv. 
chamber for selectively Cosing sa,d outt* port, 
the valve assembly further compns.ng a f. s 
conduit connecting the respecfive first inle 
oorts of said two valves, a second condui 
connecting the respective second inlet ports of 
said two valves, and means for mtroduc.ng 
said fluid into said first conduit. 
25 2 a manifold for supplying process gas to a tool 
foca'on, the manifold including a pressure reg- 
ulator connected between a high pressure area 
aS a regulated pressure area, a pa.r of valves 
according to the assembly of Cla.m 1, the 
oSf port of one of said valves being con- 
nected for fluid communicafion w.th a h gh 
p^s sure side of said pressure regulator the 
Set port of the other of said valves being 
se ectively connectable for fluid communication 
w! h aneast one of a source of purge gas and 
T source of vacuum, said first condu.t being 
connected in common for fluid commun.cat.on 
with a source of process gas. 

40 3 A manifold according to Claim 2 further com- 
prising a second and a third pa.r o valves 
according to claim 1. the outlet port of one of 
S second pair of valves being connected for 

gas, sa ' a . m * n . rted in fluid communication 
valves being connected in™ u 
with the outlet port of sa.d o he r o r ^ .rst 
oair of valves; and the outlet port of one of 
said third pair of valves being connected or 
Sd Tommunication with said too. *cafior . the 
outlet port of the other of sa.d th.rd pair of 
vavt being connected for fluid comrn-nica- 
55 Jon with said source of vacuum, said first 

conduit o{ said third pair of valves : being con- 
nected in fluid communicafion w.th sa.d pres 
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sure regulator. 



5. 



• A man,fold according to Claim 2 or Claim 3 in 
wh,ch each of said p airs of valves „ ^ 3 , n 
a respective dual va.ve assemb.y bfocT and 
-d three valve blocks are substanL°, y 'i^ 

locTt^hl" SUP ?' yin9 Pr ° CeSS ° as to a tool 
location, the man.fold including a regulated 

toThe 1 ? ""V P3ir ° f Va ' Ves ea <* acc^d ng 
on It H mb ' y ° f C ' aim 1 - the «*t port of 

coL v Va,V6S b6in9 COnnect ^ for Id 
commun.cation with said tool location, the ou£ 
'et port of the other of said valves being con 
nected for f,uid communication to a s2 ce o ~f 
acuum. said first conduit being conned in 
u com mun)Cafjon wjth sgjd 



70 



75 



■ A manifold for supplying process gas t0 a 
ocat ,, e jnc|ud . ng a 9 ^ tool 

area, a pa.r of valves each according to thP 
assembly of Claim i. the outlet port of one of 

Si:r:L bein9 connected ^ — - 

n.cation with a source of vacuum the outlet 
Port of the other of said valves bl g cl 
nected for fluid communication with a source 

necteTn 933 ' ^ ^ POrts ^9 ^ 

nec abJ * ^ Se,ectiv *»y con- 

nect^ for f|ui(J cornmunicatjon * 

pressure area, and said second inlet ports be- 
ing interconnected for fh.in ^ 
therebetween. d comrn ^'cation 
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7. 
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8. 



9. 



with P 7gas a c S ah man ; f0,d f ° r USe in associa «°n 
* 3 9as cab,ne t manifold, a pair of valves 
each according to the assemb.y of Claim 7 

commun,cat,on with an exhaust venf said fir* 

A valve assembly according to Claim 8 in 

S desrn? r d0S,n9 —nanism a^so i - 

ino n, c ! S f ° r manua " y c °ntrol.ing position- 5S 

mg of sa ( d metal diaphragm. ^ osl "on 5S 
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A gas cabinet manifold which includes a ores 
sure regulator connected between a hfgh l s 
sure area and a regulated pressure area a 
process gas conduit connected to sa,d Ih 
pressure area and a valve located ° n said hia 9 h 
pressure area for selectively iso " a Z S 
pressure regulator from said process' a . 
duit a method of purging ^ ^ ^ 
condu.t comprising the steps of 933 
closing said valve; and 

flowing a purge gas through a valve chamh* 
of fid d0Sed * -S Proces;% C :non e : 



11 



A gas cabinet manifold which includes conduit 
means for providing process gas to a too 
ocat lon , an iso(ation va|ve for s 9 o a too 

nectmg sa,d conduit means to said too'.oca- 

aTd a c n ondu V r nt Se ' eCtiVe ' y COnn *S 

meLd nf * meanS t0 3 VaCUum sou ^. ' 
method of purging said conduit means com- 
prising the steps of: 
closing said isolation valve; 

opening said vent valve; and 

flowing gas from said conduit means to said 

vacuum source via a valve chamber of sa d 

closed isolation valve. 
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